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1 .  Introduction 

Spatial orientation on the basis of environmental cues has evolved in the 

mammalian organism to a sensitive and powerful integrative mechanism, dependent on 

simultaneous or sequential inputs in many sensory modalities. Visual, auditory, 

vestibular, somatic and even olfactory cues all play important roles in information 

transacted in the subtle and continuous processes that relate the subject to a 

multi-dimensional environment. An essential parameter in this sensory integration, 

and one frequently overlooked, is the factor of timing, whether this be in such 

phenomena as the saccadic scanning of a visual field, or in multi-sensory barrages 

entering the nervous system in different modalities, and their subsequent temporal 

interplay in higher nervous structures. At an even more fundamental level, the 

coding of information in both slow waves and pulse-coded activity in cerebral 

tissue demands consideration of the vital role of spatio-temporal patterning in 

the transmission and transaction of information within the brain. Very truly, 
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then, temporal coding is the essential link between windows on the world without 

provided through sensory transducers, and windows on the world within through 

which we may peer, often "as through a glass darkly," in sensing electro-physio- 

logical signals. 

The cerebral cortex, in its interrelations with subcortical structure may 

be likened to a screen on which the Oiiiages o f  senswy experlences a r e  cast  in a 

I transactlmrl sense, It is also probably the site of their storage in terms of 
\ 

Permanent p)rysico-chemicaI changes in a "memory trace," with retrieval or recall 

dependent on reestablishment of electrical patterns in'corticosubcorticai 

circuits'reset&ting those associated with the initial deposition of information. 
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2.  

P' 

Here, the i n t e r p l a y  of l i m b i c  s t ruc tu res  o f  the temporal lobe w i t h  midbra in  and 

subthalamic s t ruc tu res ,  and w i t h  the establ ishment thereby o f  r e q u i s i t e  pa t te rns  

of a c t i v i t y  i n  c o r t i c o s u b c o r t i c a l  systems, i s  o f  v i t a l  importance. S p a t i a l  

o r i e n t a t i o n  draws h e a v i l y  on such mechanisms, which are  amenable i n  g rea t  degree 

t o  d i r e c t  e lec t rophys io log i ca l  mon i to r ing  (Adey, 1965, 1966). 

S p e c i f i c a l l y ,  i n t e g r i t y  o f  the p a r i e t o - o c c i p i t a l  co r tex  of  the pr imate 

b r a i n  i s  e s s e n t i a l  t o  normal s p a t i a l  o r i e n t a t i o n .  The p a r i e t a l  lobe syndrome i n  

man f o l l o w i n g  damage t o  t h i s  reg ion  i n  the  dominant hemisphere a t t e s t s  t o  i t s  

importance ( C r i  t ch ley ,  1953 ) .  

g a t i o n  i n  p rev ious l y  f a m i l i a r  environments, and equa l ly ,  by neg lec t  o f  the con- 

t r a l a t e r a l  h a l f  of the body i n  i t s  normal p a r t i c i p a t i o n  i n  somatic and motor 

func t i ons .  

I t  i s  charac ter ized  by severe impairment o f  nav i -  

Yet, there  i s  c l e a r  evidence tha t ,  i n  the h i e r a r c h i c a l  o rgan iza t i on  o f  

cerebra l  s t ruc tu res ,  the focus ing o f  a t t e n t i o n  t o  achieve s p a t i a l  o r i e n t a t i o n ,  and 

the psychologica l  processes o f  d i s c r i m i n a t i o n  and judgment, r e q u i r e  i n t e g r i t y  o f  

e l a  t i ng h ippocampa 1 reg ions o f  the tempora 1 lobe w i  th  subcor t ica  1 

P a r t i c i p a t i o n  by these systems i n  o r i e n t a t i o n  and d i s c r i m i n a t i o n  has 

v e l y  i nves t i ga ted  (Grastyan, Lissak, Madarasz and Donhoffer, 1960; 

Adey, Dunlop and Hendrix,  1960; Adey, Wal ter  and L inds ley,  1962; Adey 5 Walter,  

1963; Radulovacki and Adey, 1965). I n  p a r t i c u l a r ,  i t  would appear t h a t  the 

i s o l a t e d  p u r s u i t  o f  v e s t i b u l a r  funct ions,wi thout  regard t o  h igher  l e v e l s  o f  

neura l  i n t e g r a t i o n  i n  o r i e n t i n g  mechanisms,may d isregard q u i t e  fundamental aspects 

o f  these i n t e g r a t i v e  processes i n  r e l a t i o n  t o  space f l i g h t .  

Eva lua t ion  o f  novel environmental s t i m u l i ,  and t h e i r  p rec i se  s p a t i a l  

og i ca 1 response, the 

1963; Vinagradova, 19G1). 

eyes towards the  novel 

se lec t i ve  e x t i n c t i o n  gf , (Konorski, i y 4 j j  and the lseparate components or ihe  stiiiiu;uS comp',ex :)stimuli 

mechanisms 

s t r u c t u r e s .  

been extens 

! o c a l l t a t l o n  invo lves  an e s s e n t i a l l y  s p e c i f i c  phys io 

o r i e n t i n g  r e f l e x ,  f i r s t  descr ibed by Pavlov (Sokolov 

I t s  e s s e n t i a l  components invo lve  tu rn ing  o f  head and 
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3 .  

w i t h  repeated presentat ions.  Sokolov has proposed an inverse r e l a t i o n s h i p  between 

the s t reng th  o f  o r i e n t i n g  

o f  v i s u a l  task performance 

must thus necessar i l y  cons 

esponses and the 

i n  man. Evaluat 

der quest ions of 

l eve l  o f  cond i t i on ing ,  from h i s  s tud ies  

on o f  processes o f  s p a t i a l  o r i e n t a t i o n  

percept ion,  recent  memory, l e a r n i n g  

and r e c a l l  (Drachman and Ommaya, 1964; Adey, 1966). 

I n  framing our f l i g h t  experiment P-1001 i n  B i o s a t e l l i t e  D o f  the B io -  

s a t e l l i t e  Program o f  OSSA, we have attempted t o  encompass a gamut f rom d i r e c t  

assessment o f  v e s t i b u l a r  func t ions  i n  percept ion,  t o  h igher  nervous func t i ons  i n  

s leep and wakefulness, and i n  percept ion,  recent  memory and v i s u a l  d i s c r i m i n a t i v e  

performance. These c e n t r a l  nervous s tud ies have been combined w i t h  pe r iphe ra l  

measures, i nc lud ing  electrooculograms, electromyograms and galvanic  s k i n  

responses. We have c l o s e l y  coordinated these base l ine  i nves t i ga t i ons  w i t h  pro-  

posed card iovascu la r  mon i to r i ng  by our co - inves t i ga to r ,  D r .  J. P. Meehan o f  the  

Department o f  Physiology, U n i v e r s i t y  of  Southern C a l i f o r n i a ,  and w i t h  ca the te r -  

i z a t i o n  procedures and u r i n a r y  analyses by O r .  A.  T. K. Cockett, of the Harbor 

General Hosp i ta l .  I n - f l i g h t  u r i n e  ana lys is  w i l l  be unde,rtaken by O r .  N. Pace, 
* 

of the  Department o f  Physiology, U n i v e r s i t y  o f  C a l i f o r n i a ,  Berkeley, and by 

D r .  J. Rho, Jet  Propu ls ion  Laborator ies.  Calcium balance s tud ies  w i l l  be per-  

formed by  D r .  P. Mack, Texas C h r i s t i a n  Medical  Women's Col lege. The t e s t  animal 

w i  1 1  be a Macaca nemestr ina ( p i g - t a  i 1 macaque) monkey, weighing 15 pounds (6.8 Kg) 
' 

a t  launch. 

2. Experimental Desiqn 

a. Centra l  nervous mon i to r inq  and imp lan ta t ion  procedures 

!mglantat ion procedures have been descr ibed elsewhere (Adey, l i 64 ) ,  

i n c l u d i n g  d e t a i l s  of h i s t o l o g i c a l  c o n t r o l s  on damage a r i s i n g  i n  b r a i n  move- 

ment r e l a t i v e  t o  the e lect rodes (Adey, Kado, Winters and de Lucchi ,  1963). 

B i p o l a r  e lec t rodes  formed of pa i r s  of 29 gauge siali i less s t e c !  t i ib ing,  

i n s u l a t e d  except a t  the t i p s ,  and separated by 2.0 mm have been s t e r e o t a x i c a l l y  
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i nse r ted  i n t o  se lec ted  deep b r a i n  s t ruc tu res  (F ig .  I ) .  Surface records a r e  

obta ined from s t a i n l e s s  s t e e l  screws i n  the calvar ium, ana a d d i t i o n a l  screws 

a r e  used t o  secure the mass of a c r y l i c  cover ing  the s k u l l  and enc los ing  con- 

nec t i ng  p lugs.  

I t i s  planned t o  record  t e n  channels o f  EEG data.  These leads have been 

se lected,  on the bas is  of  our extens ive s tud ies  i n  monkeys, chimpanzees and 

man (Rei te,  Rhodes, Brown and Adey, 1965; Rhodes, Brown, Walter and Adey, 1965; 

Adey, Rhodes and Kado, 1963; Walter and Adey, 1965), as r e f l e c t i n g  most 

s e n s i t i v e l y  changing s ta tes  o f  consciousness, i nc lud ing  broad s h i f t s  i n  the  

range from emotional  arousal  and a l e r t e d  behavior ,  through drowsiness and 

fa t igue,  t o  ac tua l  sleep. They a l so  spec i f y  appropr 

o f  sleep, i nc lud ing  dream s ta tes .  I n  f i n e r  computat 

below, d i s t i n c t i v e  pa t te rns  can be re1  i a b l y  detected 

s ta tes ,  ranging from simple v i g i l a n c e  tasks to  d i f f i  

a t e l y  the var ious  stages 

onal  ana lys is ,  as descr ibed 

across dec i s ion  making 

u l t  v i s u a l  d i sc r im ina t i ons  

based on a one-second v i s u a l  task exposure (Walter, Rhodes, Brown and Adey, 

1966). 

the temporal lobe, from the midbrain r e t i c u l a r  format ion,  and from sur face  

leads o v e r l y i n g  f r o n t a l ,  c e n t r a l ,  p a r i e t a l  and o c c i p i t a l  cor tex .  

These leads a r e  taken from the amygdaloid and hippocampal reg ions o f  

b. E lect ro-oculoqraph i c  and e lectromyoqraph i c  record i ng 

Assessment of o r i e n t i n g  responses p laces p a r t i c u l a r  s i g n i f i c a n c e  on 

mon i to r i ng  head, eye and t runk  movements. S a t i s f a c t o r y  long-term record ing  

f rom e lec t rodes  implanted i n  s o f t  t i ssues  requ i res  t h a t  they be r e s i s t a n t  t o  

shear ing  s t resses imposed by movement i n  t i s s u e  planes. When implanted i n  

muscles: they should not d e v i t a l i z e  these s t r u c t u r e s  t o  the p o i n t  o f  induc ing 

scar  fo rmat ion  and loss  of electromyographic a c t i v i t y .  

A s a t i s f a c t o r y  s o l u t i o n  t o  the shear ing problem appears t o  have been 

found i n  the use of  stranded sialn?e;s stee!  wire ,  rnmpmed of 7 s t rands of 

44 gauge w i re ,  and insu la ted  w i t h  s i l i c o n  rubber.  The bared terminal  1-2 cm 
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of the w i r e  has been loose ly  sutured through the muscles, and then 

subcutaneously t o  the sca lp  where they a r e  a t tached t o  the c r a n i a l  

threaded 

p lugs .  

For electromyographic (EMG) record ing  i n  the neck, p a i r s  o f  leads have 

been placed i n  adjacent  p o r t i o n s  of the sp len ius cap i tus  and t rapez ius  muscles. 

S i m i l a r  leads i n  p o s t e r i o r  and l a t e r a l  t runk  muscles have performed s a t i s -  

f a c t o r i l y  over per iods o f  severalmonths. Loss o f  tone i n  c e r v i c a l  muscu- 

l a t u r e  has been found a cons is ten t  accompaniment of  dream s leep s ta tes  i n  

animals and man (Jacobson e t  a l ,  1365), so t h a t  i t  w i l l  be important t o  assess 

any changes which may occur i n  ton i c  a c t i v i t y  i n  c e r v i c a l  musculature i n  both 

waking and s leep ing  s ta tes  dur ing  prolonged weight lessness. 

E lect ro-oculographic  leads are  inser ted  through smal l  ho les d r i l l e d  i n  the 

upper and ou ter  margins o f  the bony o r b i t .  EOG data w i l l  be va luab le  i n  

mon i to r i ng  eye movements du r ing  o r i e n t i n g  responses and a l e r t e d  behavior,  as 

w e l l  as i n  the la rge  and r a p i d  movements o f  dream sleep. 

c .  Moni tors  of autonomic responses; qa lvan ic  s k i n  response, impedance 

pneumoqram, and electrocardioqram. 

C lass ic  sensing techniques f o r  ga lvan ic  s k i n  responses (GSR) a r e  n o t  

u s u a i i y  requ i red  t o  p rov ide  date f c r  more than a few hours, so t h a t  spec ia l  

techniques were developed t o  record r e l i a b l y  f o r  per iods  i n  excess o f  30 

days. 

and a p p l i e d  t o  e lec t rodes  1 cm square on the so le  o f  the monkey's f o o t  has 

been found a r e l i a b l e  method f o r  per iods i n  excess of 30 days, w i t h  undiminished 

responses t o  a l e r t i n g  s t i m u l i ,  and i n  var ious s leep s ta tes ,  even a f t e r  p ro-  

ionged a p p i i c a t i o n .  

A 2 cyc les  per  second square wave, w i t h  an ampl i tude o f  a few m i l l i v o l t s ,  

The impedance pneumogram (ZPG) i s  a t tached t o  sensors i n  l e f t  and r i g h t  

m i d a x i l l a r y  l i nes ,  and uses a car r ie r  frequency of  50 Kcs per  second w i t h  an 

ampl i tude o f  1 mV. 

producing n e g l i g i b l e  in te r fe rence i n  EEG records.  

This  s igna l  i s  compat ib le w i t h  the EEG s igna l  cond i t i one rs ,  
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Elec t rocard iograph ic  (EKG) records a re  secured from the same e lec t rodes  

used f o r  the impedance pneumogram, The l o c a t i o n  o f  these leads in  the 

a1 record ing,  e tc . ,  

e conduct i on  charac- 

a x i l l a e  d i f f e r s  from c l a s s i c a l  placements f o r  p record  

b u t  q u a l i t a t i v e  in fo rmat ion  on ec top ic  beats and bund 

t e r i s t i c s  i s  r e a d i l y  ava i l ab le .  

d. Mon i to r i nq  o f  card iovascu la r  func t ions .  

These inves t i ga t i ons  are  under the d i r e c t i o n  o f  D r .  J. P. Meehan, of the 

Department nf Physiology, U n i v e r s i t y  o f  Southern C a l i f o r n i a .  

experience i n  the inst rumentat ion o f  two chimpanzee space f l i g h t s  (by Ham 

and Enos) has prov ided an incomparable background i n  the des ign and performance 

o f  such experiments. Pressures w i l l  be recorded d i r e c t l y  i n  femoral and 

c a r o t i d  a r t e r i e s ,  i n  the r i g h t  a t r i um and l e f t  v e n t r i c l e ,  by  ca the te rs  con- 

nected t o  a t o t a l  o f  s i x  s t r a i n  gauge transducers.  

D r .  Meehan's 

Much base l ine  data has been c o l l e c t e d  by  D r .  Meehan i n  p rov ing  f e a s i b i l i t y  

f o r  a 30-day f l i g h t .  S m a l l  impulse pumps, opera t ing  from a capac i to r  d ischarge 

power source, i n j e c t  approximately 0.003 m l  o f  hepar ia  s o l u t i o n  i n t o  each 

ca the ter  once each minute (F ig .  2 ) .  

patency of the ca the ters ,  so tha t  1500 m l .  o f  s o l u t i o n  prov ides an adequate 

r e s e r v o i r  for p r e f l i g h t  preparat ions and f l i g h t  requirements f o r  a l l  s i x  

ca the te rs  . 

Such smal l  amounts a r e  adequate t o  ensure 

C a t h e t e r i z a t i o n  f o r  such extended per iods requ i res  met icu lous asepsis i n  

i n i t i a l  surgery and i n  a l l  subsequent manipulat ions i f  i n f e c t i o n  i s  t o  be 

avoided. A d d i t i o n a l  prophylax is  has been prov ided by c r y s t a l l i n e  p e n i c i l l i n  

(1.0 uq/ml.) i n  the hepar in  so lu t ion ,  and two subcutaneous depots o f  p e n i c i l l i n  

(4.0 m l  , 2.4 m i  1 1  i on  u n i t s  each) i n  s lowly  absorbed form i n j e c t e d  i n t o  sub- 

scapular reg ions.  No. c l i n i c a l  i n f e c t i o n  has occurred i n  c a t h e t e r i z a t i o n s  

up t o  50 days. 



e .  Ur ine  and feces c o l l e c t i o n ;  i n - f l i q h t  u r i n e  a n a l y s i s .  

As has been emphasized i n  r e l a t i o n  t o  extended manned space f l i g h t ,  

successful  waste management ranks as a c r i t i c a l  requirement.  Moreover, u r i n e  

and feces ana lys i s  p rov ide  v i t a l  in format ion on whole body composition, aga ins t  

which changes i n  such func t ions  as s p a t i a l  o r i e n t a t i o n ,  d i s c r i m i n a t i v e  per-  

formance and b i o l o g i c a l  rhy thmic i t y  must be equated i f  a r e a l i s t i c  app ra i sa l  

of performance c a p a b i l i t y  i s  t o  be made. 

Extensive i nves t i ga t i ons  by our co l league,  D r .  A .  T. K .  Cockett, o f  the 

Harbor General Hosp i ta l ,  Los Angeles, have r e s u l t e d  inea technique o f  pe r inea l  

urethrostomy which a l lows ready c a t h e t e r i z a t i o n  of the bladder,  and an 

e s s e n t i a l l y  w a t e r t i g h t  system o f  u r i n e  c o l l e c t i o n ,  D r .  Cockett  has performed 

ex tens ive  s t e r o i d  analyses on u r i n e  so c o l l e c t e d  du r ing  couch- res t ra in t  

s i m i l a r  t o  t h a t  requ i red  f o r  the f l i g h t  animal. 

I n s u f f i c i e n t  spacecra f t  power has prevented implementation o f  our p lans 

t o  recover d a i l y  u r i n i c  samples tha t  would be f r a c t i o n a t e d  and then f rozen  

o r  l yoph i  1 ized i n  f l  i gh t .  Other developments, however, may never the less make 

i t  poss ib le  t o  per form c e r t a i n  i n - f l i g h t  u r i n e  analyses by f luorescence 

microscopy. O r .  Pace, o f  the Department o f  Physiology, U n i v e r s i t y  o f  

C a l i f o r n i a ,  Berkeley,  and D r .  J. Rho, o f  J e t  Propu ls ion  Laboratory,  Pasadena, 

have inves t i ga ted  the f e a s i b i l i t y  o f  measuring concent ra t ion  o f  calc ium, urea, 

c r e a t i n e  and c r e a t i n i n e  in  u r i n e  sampled en rou te  t o  storage i n  the adapter 

s e c t i o n  o f  the veh ic le .  The readings w i l l  be telemetered every 6 hours.  

Fcces c o l l e c t i o n  i n  the weight less s t a t e  presents  spec ia l  problems. Our 

l abo ra to ry  has evolved a technique, which, i n  t e r r e s t r i a l  t es t i ng ,  appears t o  

ensure re1 i a b l e  t rans fe r  t o  a co l l ec to r - can  behind the couch. An accu ra te l y  

moulded s o f t  rubber pad i s  backed by a r i g i d  p l a t e ,  which i s  screwed t o  the 

i s c h i a l  t u b e r o s i t i e s .  A f l e x i b l e  hose connects t h i s  p l a t e  w i t h  the c o l l e c t o r ,  

and i s  f lushed wi th  a d i s in fec tan t  spray and a i r ,  i n jec ted  p e r i a n a l l y .  



On recovery o f  the spacecraf t ,  the ca lc ium content  o f  the feces w i l l  be 

analyzed by D r .  P. Mack, o f  the Texas C h r i s t i a n  Women's Medical  Col lege, as 

p a r t  o f  her  study o f  dep le t i on  o f  ske le ta l  ca lc ium i n  weight lessness, by wedge 

densi tometry o f  the ske le ton  pre-  and p o s t - f l i g h t .  

extens ive base l ine  s tud ies  o f  the monkey ske le ton  by t h i s  method. 

D r .  Mack has a l ready  made 

such an impress ive ly  s imple s i t u a t i o n  i n  a pr imate experiment can be 

on the  bas is  t h a t  the very  pe r tu rba t i ons  in t roduced by  t e s t s  such as 

feeding by task performance on a scheduled bas is ,  a f f o r d  an opportun 

abserve e f f e c t s  o f  a combination o f  va r iab les  on performance a b i l i t y  

f .  Behavioral  tasks, i nc lud inq  v i s u a l  o r i e n t a t i o n ;  food re in forcement  and 

feedinq techniques. 

While It has heen contended tha t  i n v e s t i g a t i o n  o f  weight lessness demands 

s tudy o f  subjects  i n  whom i t  i s  the o n l y  imposed v a r i a b l e ,  contaminat ion o f  

j u s t i f i e d  

p a r t  i a  1 

t y  t o  

Weight- 

lessness then becomes the on ly  va r iab le  no t  forming p a r t  o f  t e r r e s t r i a l  base- 

l i nes ,  and the paradigm then emphasizes the value o f  adequate p r e f l i g h t  

s imula t i ons . 
We have inc luded two tasks i n  t h i s  experiment. They w i l l  be scheduled 

y and l a t e  i n  the 12-hour"day" imposed i n  the f l i g h t  

nvolves a delayed matching-to-sample t e s t ,  and the 

coord ina t i on task.  

I n  the f i r s t  task, a symbol appears f o r  5 seconds i n  the center  o f  a 

A f t e r  a delay o f  rec tangu lar  mat r ix ,  and i s  then ext inguished (Fig. 3 ) .  

20 seconds, the whole m a t r i x  i s  i l l um ina ted  f o r  IO seconds. The o r i g i n a l  symbol 

now appears embedded i n  the t o t a l  m a t r i x  i n  a d i f f e r e n t  l o c a t i o n  from t h a t  

i n  which i t  was o r i g i n a l l y  displayed, When i t  i s  touched by the animal, a 

food p e l l e t  reward i s  o f fe red .  Our experience ind i ca tes  t h a t  t h i s  i s  an 

e x a c t i n g  task i n  receii i  ixmcry and percept ion  f o r  the p i g - t a i l  macaque, and 

a t ta inment  o f  a h i g h  performance l e v e l  takes approx imate ly  two months o f  

success ive ly  bo th  ear 

schedule. The f i r s t  

second i s  an eye-hand 
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d a i l y  t r a i n i n g .  

The second task t e s t s  coord ina t ion  o f  eye and hand i n  a manner d i r e c t l y  

r e l a t e d  t o  s p a t i a l  o r i e n t a t i o n .  Two c o - r o t a t i n g  d iscs  surround the per iphery  

o f  the m a t r i x  board descr ibed above. A smal l  window i n  the f r o n t  d i sc  a l lows 

access t o  the rear  d isc ,  on which i s  mounted a small red  b u t t o n  sw i t ch  (F igs.  

3 and 4). 

coincidence o f  window and bu t ton  i n  successive encounters a r e  cons tan t ly  

s h i f t i n g  i n  space. Our e a r l y  experience ind ica ted  a s u r p r i s i n g  f a c i l i t y  on 

the p a r t  o f  the monkey i n  performing t h i s  task, as w e l l  as a considerabie 

m o t i v a t i o n  t o  succeed. Speeds of r o t a t i o n  were cons tan t l y  increased t o  keep 

pace w i t h  inc reas ing  p r o f i c i e n c y .  I t  appears tha t  the monkey can per form 

a t  over 80 per  cent  c o r r e c t  with a window-disc r o t a t i o n  speed o f  85 r.p.m., 

and a co inc idence t ime f o r  window and b u t t o n  o f  the order  o f  a f i f t h  o f  a 

second. To accomplish i t s  goal ,  the animal has i t s  head moving through a 

c i r c u l a r  p a t t e r n  approximately the speed o f  r o t a t i o n  o f  the d i sc .  This 

phenomenon a lone suggests t h a t  v e s t i b u l a r  d i s  turbances assoc i a  ted  w i th  the 

r a p i d  head movement i n  weightlessness may profoundly  d i s r u p t  the performance, 

if frequent  repo r t s  by ast ronauts and cosmonauts o f  d i s a b i l i t y  i n  s i m i l a r  

r a p i d  movements p rov ide  a bas is  f o r  comparison. 

The d iscs  r o t a t e  a t  d i f f e r e n t  ra tes ,  so t h a t  the p o s i t i o n  of  

Feeding i s  by p e l l e t s  dispensed from a feeder mod i f ied  from a chimpanzee 

feeder ,  o r i g i n a l l y  developed a t  H o l l m a n  A i r  Force Base f o r  the A i r  Force 

O f f i c e  o f  S c i e n t i f i c  Research (Fig. 5 ) .  

each o f  8 tapes, t o  which the p e l l e t s  a re  adherent. Each tape i s  c a r r i e d  on 

a drum, and a l l  drums are  mounted on a s i n g l e  s h a f t .  P e l l e t s  f rom each tape 

a r e  dispensed separate ly  and successiveiy through a raw of windms. 

p e l l e t  measures 2.0 cm by 2.0 cm by 5.0 mm, and has an energy va lue o f  

7.5 Kcal .  

A t  the  c lose  of the "day", i t may g a i n  the remainder o f  a da i l y  r a t i o n  o f  

This  device c a r r i e s  225 p e l l e t s  on 

Each 

The animal may "win" 40 p e l l e t s  per day by co r rec t task  performance. 
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60 p e l l e t s  on an ad l i b i t u m  basis ,  To avo id  hoarding, however, i f  more than 

two p e l l e t s  remain unclaimed i n  the feeder windows, the feeder i s  disarmed 

u n t i l  they a re  removed. F lavor ing  has been tes ted  on the bas is  of cont inued 

a t t rac t i veness  i n  the absence o f  o ther  food. 

D r ink ing  water i s  prov ided f r o m  the General E l e c t r i c  Company hydrogen- 

oxygen f u e l  c e l l ,  which powers the spacecra f t .  A f t e r  f i l t r a t i o n ,  the water 

i s  de l i ve red  t o  a n i p p l e  ad jacent  t o  the animal's mouth (F ig .  6). 

r a t i o n i n g  i s  a t  the r a t e  o f  30 m l  per  hour du r ing  the 12-hour 'lday,'l and a t  

one - th i rd  t h a t  r a t e  du r ing  the "night," g i v i n g  546 iii; per 24  hour^. 

te lemetered data ind ica tes  dehydration, a ground command mainta ins "n ight"  

water ing  a t  the "day" ra te ,  a l l ow ing  720 m l  per 24 hours. 

Water 

.. ! f  

3. S imu la t ion  o f  F l i q h t  Condi t ions R e l a t i n q  t o  S p a t i a l  

Or ien ta t i on ;  E f f e c t s  of Acce le ra t i on  and V i b r a t i o n  

I n  the con tex t  o f  t h i s  meeting, spec ia l  s i g n i f i c a n c e  at taches t o  those 

s imu la t ions  t e s t i n g  v e s t i b u l a r  funct ions and s p a t i a l  o r i e n t a t i o n .  Many o f  these 

s tud ies  have been repor ted  elsewhere (Adey, Kado, Winters and de Lucchi ,  1963; 

Adey, 1965; Adey, Kado and Walter,  1966). 

a. E f f e c t s  of s imple and compound l i n e a r  acce le ra t ions .  

Transverse acce le ra t i on  t o  56 (+Gy and -Gy) have l i t t l e  e f f e c t  on t h i s  

monkey's a b i l i t y  t o  perform an odd i t y  d i s c r i m i n a t i o n  task resembling the 

matching-to-sample task described here  f o r  the f 1 i g h t  experiment. 

The Thor-Del ta acce le ra t i on  p r o f i l e  f o r  t h i s  f l i g h t  imposes a peak t rans-  

verse a c c e l e r a t i o n  i n  the f i r s t  stage f i r i n g  o f  126 w i t h  the animal i n  the 

"eyebal ls in" p o s i t i o n  (+Gy). In i t s  i n i t i a l  fo rmula t ion ,  the f i n a l  i n j e c t i o n  

i n t o  o r b i t  requ i red  a veh icu la r  s p i n  t o  100 r.p.m. f o r  100 seconds, b u t  t h i s  

requirement has s ince been deleted, S imulat ions o f  t h i s  o r i g i n a l  f l i g h t  

p r o f i l e  revealed i n t e r e s t i n g  EEG d i f fe rences  between simple c e n t r i f u g a l  



acce le ra t i on  and compound acce le ra t i on  i n  two planes. Evidence 

found of con t inu  ng changes i n  EEG and EKG pa t te rns  a f t e r  the h 

imposed by the s imulated booster  f i r s t  stage f i r i n g  (Fig.  7) .  

was a l s o  

gh G pu lse  

The e f f e c t s  i n  the v i s u a l  cor tex  (F ig .  7C) o f  the i n i t i a l  12G a c c e l e r a t i o n  

were minor, w i t h  a smal l  peak i n  energy i n  middle frequency bands from 6 t o  

25 cyc les per second as the acce le ra t i on  reached i t s  peak and suddenly dec l ined.  

No s i g n i f i c a n t  peaks occurred i n  the low G l oad ing  o f  the second stage. With 

s topping o f  the cer i t i i f i ige  (fndlcatec! by the 1C. v e r t i c a l  l i n e ) ,  however, there  

was a r a p i d  increase i n  energy l eve l s  between 6 and 13 cyc les per  second, 

p e r s i s t i n g  f o r  most of the coast ing phase. Commencement o f  the f i n a l  o r b i t a l  

i n j e c t i o n  phase, w i t h  SG o f  t ransverse a c c e l e r a t i o n  and concomitant 100 r.p.m. 

sp in  evoked a q u i t e  d i f f e r e n t  p a t t e r n  o f  energy d i s t r i b u t i o n  f rom simple 

acce le ra t ion .  Marked energy peaks occurred i n  the low frequency bands from 

3 t o  8 cyc les  per  second. 

i s t i c s  o f  c o n t r o l  records a t  the end o f  the i n j e c t i o n  phase. 

Energy d i s t r i b u t i o n  r a p i d l y  resumed the charac ter -  

The amygdala (F ig .  7D) showed s i m i l a r  changes, A moderate increase i n  

energy i n  the low frequency bands from 3 t o  8 cyc les  per second occurred i n  

the "coasting" phase, w i t h  a c y c l i c  p e r i o d i c i t y  i n  peaks o f  30 t o  50 seconds. 

Evidence of t h i s  p e r i o d i c  peaking was de tec tab le  a t  h igher  f requencies b u t  

d imin ished p rog ress i ve l y  in  the range from 13 t o  45 cyc les  per second. 

I n  the hippocampus, (F ig .  78) no s i g n i f i c a n t  changes i n  spec t ra l  con ten t  

accompanied e i t h e r  i n i t i a l  o r  terminal  phases o f  the  boost s imu la t ion ,  

a l though the energy l eve l s  i n  the coast  phase rose moderately, and e x h i b i t e d  

the e y z t i c  changes descr ibed i n  the amygdala. 

I n  summary, i t  would appear t h a t  changes l a s t i n g  through the coas t i ng  

phase may have been induced b y  the preceding h igh  G pu lse i n  the f i r s t  stage 

o f  booster acce le ra t ion ,  ana may r e l a t e  t o  cardlcvascu!ar readjustments and 

concomitant changes i n  cerebra l  oxygen tens ion  occu r r i ng  w i t h  such a pulse,  
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as descr ibed by Kovalenko, Popkov and Chernyakov (1563). 

I n t e r r e l a t i o n s  were noted between card iac  i r r e g u l a r i t y  and paroxysmal 

slow wave a c t i v i t y  f o l l o w i n g  h igh  G loading. I n  the s imulated booster p r o f i l e ,  

the pu lse  slowed as the acce le ra t i on  approached the i n i t i a l  12G peak (Fig.  7 C ) .  

Dur ing the f o l l o w i n g  coas t ing  phase, paroxysms o f  h i g h  ampl i tude EEG slow 

waves appeared i n  many areas, i nc lud ing  v i s u a l  co r tex ,  amygdala, hippocampus 

and midbra in r e t i c u l a r  fo rmat ion  (F ig .  S O ) .  

was regu la r ,  b u t  missed beats appeared c o n s i s t e n t l y  du r ing  the paroxysms 

(Adey, Kado and Walter,  1965). 

combined c e n t r i f u g i n g  and sp inn ing a t  around 5 G  (F ig .  dE) ,  and they may r e l a t e  

t o  readjustment i n  cerebra l  vascular mechanisms, s ince  they always fo l lowed 

onset o f  the cerebra l  dysrhythmia. 

Between these epochs the hear t  

No comparable abnormal i t i e s  occurred a f t e r  

b .  Charac te r i s t i cs  o f  c o r t i c a l  and subcor t i ca l  EEG records dur inq  whole 

body v i b r a t i o n ;  e f f e c t s  o f  b i l a t e r a l  e i q h t h  nerve s e c t i o n  on v i b r a t i o n -  

induced EEG d r i v i n q .  

Resu 1 t s  presented e 1 sewhere have i nd ica ted the presence o f  a "dr i v i ng" 

i n  EEG records froii c o r t i c a l  and subcor t i ca l  s t r u c t u r e s  du r ing  whole body 

v i b r a t i o n ,  a t  c e r t a i n  f requencies i n  the t e s t  spectrum o f  5 t o  40 cyc les  

pe r  second, us ing  0 . 2 5  inch (6 .2  mm) double ampl i tude between 5 and 13 cyc les  

pe r  second, and 2 6  peak-to-peak i n  the range from 13 t o  40 cyc les  per  second. 

(Adey, Kado, Winters and de Lucchi, 1963). 

More recent  s tud ies  w i t h  extens ive computer analyses (Adey, Kado and 

Wa i t e r  , i 965) have c m f  I rmed ear! i e r  i nd i ca t i ons  t h a t  t h i s  induced EEG 

r h y t h m i c i t y  has the c h a r a c t e r i s t i c s  o f  a phys io log i ca l  "d r iv ing , ' l  and t h a t  

i t  appears d i s t i ngu ishab le  from s u p e r f i c i a l l y  s i m i l a r  phenomena o f  a r t i f a c t u a l  

o r i g i n  i n  connect ing cables o r  loose p lug  connect ions.  Autcspectra! density 

p l o t s  showed l i t t l e  o r  no evidence o f  EEG d r i v i n g  below 9 cyc les  per second, 



desp i te  powerful head movements. D r i v i n g  a t  the shaking r a t e  was frequency 

s e l e c t i v e  and maximal i n  the range 10 t o  15 cyc les per second. However, i n  

many instances, maximum EEG energy peaks occurred a t  o ther  than shaking 

frequencies , and w i thou t  harmonic r e l a t i o n s h i p  t o  shaking f requencies (F ig .  9). 

Ca lcu la t i ons  o f  coherence (Walter, 1963), or  1 inear p r e d i c t a b i  1 i t y ,  were 

h igh  between c o r t i c a l  and subcor t i ca l  leads a t  EEG f requencies un re la ted  t o  

concurrent  shaking frequencies, and absent f rom base l ine  records be fore  o r  

a f t e r  shaking ( F i g .  10). Th is  may imply  aspects o f  cerebra l  system o rgan iza t i on  

w i t h  ephemeral shar ing o f  a c t i v i t y  e l i c i t e d  by the v i b r a t o r y  v o l l e y s .  

Coherence between head or  t a b l e  accelerometers and c o r t i c a l  and subcor t i ca l  

leads were below s i g n i f i c a n t  l eve l s  a t  fundamental d r i v i n g  f requencies below 

1 1  cyc les  per  second, a l though s i g n i f i c a n t  coherence peaks appeared a t  o ther  

EEG f requencies.  Shaking i n  the  range 1 1  t o  17 cyc les  per second produced 

many coherent r e l a t i o n s h i p s  a t  fundamental d r i v i n g  f requencies,  and a t  

harmonica 

A f t e r  

suscep t i b 

i n  midbra 

l y  r e l a t e d  and unre la ted  EEG f requencies.  

b i l a t e r a l  e i g h t h  nerve sec t ion ,  there appeared t o  be an increased 

l i t y  t o  d r i v i n g  du r ing  v i b r a t i o n  ( a t  1 1  t o  1 3  cyc les  per second) 

n r e t i c u l a r  fo rmat ion  and nucleus centrum medianum, which showed 

a wide range o f  coherent f requencies w i t h  the t a b l e  accelerometer (Fig.  11). 

Th i s  poss ib le  increase i n  t h e i r  d r i v i n g  may r e l a t e  t o  t h e i r  c lose  r e l a t i o n s  

t o  somatic sensory pathways. Cer ta in l y ,  the d r i v i n g  was no t  abol ished by 

e i g h t h  nerve sect ion,  a l though i t  was abol ished o r  g r e a t l y  reduced by  

anesthes ia and death. 

p h y s i o l o g i c a l  o r i g i n ,  and under ly ing  mechanisms have been discussed elsewhere, 

i n c l u d i n g  the r o l e  of abdominal, t ho rac i c  and c e r v i c a i  t i ssues  (Adey, Kado 

and Walter, 1965). D i s r u p t i o n  o f  behav io ra l  performance occurred a t  f requencies 

inducing EEG d r i v i n g ,  w i th  l i t t l e  o r  no 

of v i b r a t i o n  t h a t  a l s o  produced v i o l e n t  head movements (Adey, Kado, Winters 

and de Lucchi , 1963). 

I t s  frequency s e l e c t i v e  c h a r a c t e r i s t i c s  suggest a 

behaviora l  e f f e c t  a t  lower f requencies 
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4. Development o f  the B i o s a t e l l i t e  Capsule 

f o r  30-Day Primate F l i q h t  

The var ious  systems necessary f o r  t h i s  experiment have now reached a 

stage of deve lopment where sys tern tes ts  o f  subs tan t ia  1 p o r t  ions o f  the exper iment 

are poss ib le .  

The couch support  f o r  the monkey i s  loca ted  c e n t r a l l y  i n  the  capsule, w i t h  

the animal f a c i n g  forward i n  the  veh ic le ,  w i t h  lower l imbs f l e x e d  a t  h i p  and knee. 

An e f f e c t i v e  s u i t - r e s t r a i n t  has been developed by Wr ight -Pat terson A i r  Force Base, 

and prov ides f o r  the animal t o  r i d e  on a f a b r i c  s l i n g  t o  which the s u i t  i t s e l f  i s  

a t tached w i t h  z ipp- fas teners .  A to rso  harness a s s i s t s  i n  r e s t r a i n i n g  the shoulder 

g i r d l e  aga ins t  the couch, The animal 's legs a r e  conta ined i n  f a b r i c  sleeves and 

covered w i t h  a r e s t r a i n i n g  apron (F igs.  12 and 1 3 ) .  

On the animal 's  r i g h t  a re  the p e l l e t  feeder and water ing  device.  Posi -  

t ioned i n  f r o n t  of him i s  the behaviora l  t e s t  panel, a t  about w a i s t  l e v e l .  To 

h i s  l e f t ,  i t  i s  proposed t o  i n s t a l l  a camera. Behind the couch a re  the feces 

c o l l e c t i n g  can, and a t  a h igher  l e v e l ,  the pumps f o r  the card iovascu la r  sensors 

and associated s igna l  cond i t ioners .  A l s o  behind the couch w i l l  be the s igna l  

cond i t i one r  package f o r  the EEG, EKG, EOG, EMG and ZPG channels. The f l i g h t  

animal w i l l  be p laced i n  the veh ic le  a few hours before launch, and the capsule 

sealed by attachment o f  the f r o n t  hatch and heat  s h i e l d .  

c o n t a i n  b a t t e r i e s  and tape record ing  equipment. 

Th is  cover w i l l  a l s o  

Much e f f o r t  has gone i n t o  the development o f  a mixed gas (oxygen-nitrogen) 

l i f e  support  system a t  one atmosphere. 

used i n  U. S .  animal o r  manned f l i g h t .  Cabin temperature snouid be im in ta lned  

w i t h i n  a narrow range around 70°F (21OC). 

Such a system has no t  been p rev ious l y  
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5. Data A c q u i s i t i o n  and Ana lys is .  

The overwhelming q u a n t i t y  of data gathered i n  such an experiment requ i res  

e a r l y  and earnest  cons idera t ion  i n  p lanning e f f i c i e n t  data reduc t ion  and auto- 

mated ana lys is .  The techniques developed i n  our l abo ra to ry  f o r  hand1 ing  massive 

amounts o f  neurophys io log ica l  data (Adey, 1965), and more recen t l y ,  i n  a p p l i c a t i o n  

o f  p a t t e r n  recogn i t i on  techniques t o  the i n i t i a l  computed outputs,  lend themselves 

t o  t reatment o f  bo th  neurophys io log ica l  data gathered i n  t h i s  f l i g h t  (Walter, 

Whocies, B rown  and Adey, 1966). 

The bas ic  procedures invo lve  extens ive spec t ra l  analyses, accomplished 

by d i g i t a l  computation, w i t h  c a l c u l a t i o n  o f  auto- and c ross-spec t ra l  dens i t i es ,  

i nc lud ing  phase angles, shared amplitudes and coherence func t ions .  These 

techniques, based on d i g i t a l  f i l t e r i n g  methods, and endowed w i t h  g rea t  s e n s i t i v i t y  

and f i n e  reso lu t i on ,  a re  amongst t h e  most powerfu l  mathematical t o o l s  a v a i l a b l e  

f o r  eva lua t i on  o f  1 inear i n t e r r e l a t i o n s  i n  wave-generating systems (Walter, 1963). 

Analog s igna ls  from the phys io log i ca l  s igna l  cond i t i one rs  w i l l  be sampled 

a t  r a t e s  from 12.5 per  second t o  100 per  second, depending on the bandwidth o f  

s i g n a l s  involved, and converted t o  PCM f o r  te lemet ry .  These s igna ls  w i l l  be 

acql' ired by t r a c k i n g  s t a t i o n s  

o r b i t .  I t  i s  a n t i c i p a t e d  t h a t  on t h i s  bas is ,  approximately 10 minutes data w i l l  

be acqu i red  every 90 minutes,  A d d i t i o n a l l y ,  an 8 channel tape recorder  w i l l  

acqu i re  100 hours of  data i n  the course o f  the f l i g h t  on a programmed bas is .  

Data te lemetered i n  the con t inen ta l  U. S. w i l l  be re t ransmi t ted  over microwave 

1 inks t o  Goddard Space F l i g h t  Center f o r  decommutation and t r a n s f e r  t o  a con- 

ventizna! d i g i t a l  format on magnetic tape. These tapes w i l l  be analyzed i n  our 

Data Processing Laboratory,  as descr ibed above, w i t h i n  a sho r t  time o f  t h e i r  

r e c e i p t .  I t  i s  expected t h a t  r a p i d  analyses w i l l  keep pace w i t h  the course o f  

the f l i g h t ,  meet ing requirements for ififormaticn 0:: cu r ren t  and probably f u t u r e  

s t a t u s  o f  the monkey, 

n North and South America f o r  some p a r t  o f  each 
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6 .  Conclusion 

This  account o f  the 30-day pr imate experiment has reviewed the i n t r i c a t e  

and c l o s e l y  i n t e r r e l a t e d  s tud ies  o f  c e n t r a l  nervous, card iovascu la r  and metabol i c  

funct ions,  which have been pa ins tak ing l y  woven i n t o  a s i n g l e  e n t i t y .  

Man i fes t l y ,  o r i e n t a t i o n  i n  space f l i g h t  requ i res  cons idera t ion ,  not  merely 

of v e s t i b u l a r  mechanisms and c l o s e l y  r e l a t e d  ocu la r  coord ina t ion ,  b u t  o f  the 

whole h ie ra rchy  o f  f unc t i ons  i n  focusing of a t t e n t i o n  and v i s u a l  d i s c r i m i n a t i o n .  

The former c o n s t i t u t e  the bas ic  p la t fo rm i n  a pyramid o f  i nc reas ing l y  complex 

centra!  Jntegrat ion.  The l a t t e r  invo lve  the i n t e r p l a y  between c o r t i c a l  sensory 

systems and subcor t i ca l  s t ruc tu res  tha t  a re  profoundly  in f luenced by l i m b i c  

a c t i v i t y ,  L imbic con t ro l s ,  p a r t i c u l a r l y  i n  the  hippocampal system, appear 

e s s e n t i a l  t o  the f i n e  focus ing  o f  a t t e n t i o n  necessary f o r  the  l a y i n g  down of 

memory t races about s p a t i a l l y  organized s t i m u l i .  

leads t o  degradat ion o f  s p a t i a l  d i s c r i m i n a t i v e  a b i l i t i e s  in s u b t l e  b u t  important 

ways, hav ing p a r t i c u l a r  relevance t o  problems o f  space f l i g h t .  

I n te r fe rence  w i t h  such c o n t r o l s  

I t  has been our j o i n t  purpose t o  mon i to r  as comprehensively as poss ib le  

w i th in  the frame of a s i n g l e  experiment the gamut o f  sensory, motor and h igher  

nervous funct ions t h a t  r e l a t e  t o  v i s u a l  coord ina t ion ,  s p a t i a l  o r i e n t a t i o n ,  recent  

memory and d i s c r i m i n a t i v e  a b i l i t y  i n  prolonged space f l i g h t .  We have been 

der the whole animal, i nso fa r  as  maintenance 

so v i t a l l y  on card iovascular  and metabo l ic  

e q u a l l y  m 

of cen t ra  

i n t e g r i t y  

n d f u l  o f  the need t o  cons 

nervous f u n c t i o n  depends 

Summa ~y 

Centra l  nervous mechanisms under l y ing  o r i e n t i n g  and v i s u a l  d i s c r i m i n a t i v e  

f u n c t i o n s  a r e  discussed. i n t e r r e l a t i o n s  o f  v e s t i b u l a r  and o p t i c  sensory in f luxes  

w i t h  co r t i co -d iencepha l i c  and l imb ic  mechanisms as essen t ia l  subst rates fo r  s p a t i a l  

o r i e n t a t i o n  are  r e v i w e d .  fechniques f o r  c e n t r a l  nervous, card iovasculaq pe r iphe ra l  

nervous and autonomic mon i to r ing  dur ing the 30-day pr imate f l i g h t  in  B i o s a t e l l i t e  D 
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a re  discussed. 

tasks i nvo l v ing  delayed matching-to-sample, and an eye-hand coo rd ina t i on  t e s t .  

Environmental support invo lves an oxygen-nitrogen gas system. P e l l e t  feeding 

combines reward and ad l i b i t u m  methods, w i t h  water p rov ided from the f u e l  c e l l  

power system. Data a c q u i s i t i o n  and ana lys is  techniques a r e  reviewed. 

A 6.8 Kg Macaca nemestrina monkey w i l l  be tes ted  i n  two behaviora l  
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Leqends t o  F iqures 

F ig .  1. Xray o f  head of Macaca nemestrina monkey, showing implanted e lec t rodes  

of s t a i n l e s s  s t e e l  tub ing  (29 gauge) s t e r e o t a x i c a l l y  implanted i n  

deep b r a i n  s t ruc tu res .  Screws i n  ca lvar ium prov ide  attachment f o r  

sur face c o r t i c a l  EEG leads, as w e l l  as mechanical f i x a t i o n .  

F i g .  2. impulse pump f o r  i n j e c t i o n  o f  small amounts (0.003 m l )  o f  a n t i -  

coagulant s o l u t i o n  a t  one-minute i n t e r v a l s .  

F i g .  3 .  Arrangement o f  psychomotor t e s t  panel, showing windows f o r  m a t r i x  

o f  symbols used i n  delayed matching-to-sample task.  Discs f o r  

eye-hand coo rd ina t i on  t e s t  surround the m a t r i x  d isp lay .  

F i g .  4. Performance i n  eye-hand coo rd ina t i on  t e s t .  Subject  must touch b u t t o n  

on rear  d i sc  through window i n  f r o n t  d i sc .  Test monkeys perform a t  

more than 30 per  cent  c o r r e c t  a t  d i sc  r o t a t i o n  speeds around 90 r.p.m. 

F ig .  5 .  P e l l e t  feeder, mod i f i ed  from Holloman AFB chimpanzee feeder.  E igh t  

tapes each c a r r y  225 rectangular  p e l l e t s  on adhesive tapes. The 

p e l l e t s  are dispensed hy t r a c t i o n  on the handle and appear i n  3 

windows success ive ly .  

F ig .  6 .  Water dispenser, hav ing 30 ml capac i t y  and so leno id  c o n t r o l l e d .  This 

device requ i res  s u c t i o n  by the  animal, and i s  f i l l e d  w i t h  f i l t e r e d  

water from the fue l  c e l l  power source. 

F i g .  7. E f f e c t s  o f  compound transverse and sp in  acce le ra t ions  on EEG dur ing  

booster  p r o f  i l e  for  at ta inment  o f  o r b i t a l  f 1 i g h t  (A ) .  

analyses show major changes i n  energy d i s t r i b u t i o n  f o l l o w i n g  h igh  G 

"pulse'' i n  hippocampus (B), V isuai  c o r t e x  (C) snd amygdala (D). 

(From Adey, Kado and Walter, 1965) 

Frequency 
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22. 

Fig .  8. 

F i g .  9. 

F i g .  IO. 

Paroxysms o f  h igh  ampl i tude slow waves i n  c o r t i c a l  dnd s u b c o r t i c a l  

s t r u c t u r e s  (D) dur ing  r e s t i n g  phase a f t e r  126 acce le ra t ion ,  showing 

missed card iac  beats dur ing  EEG paroxysms, b u t  no t  i n  in te rven ing  

i n t e r v a l s .  

( E ) .  Abbreviat ions:  L. V i s .  Cx., l e f t  v i s u a l  cor tex ;  R. AMYG., 

r i g h t  amygdala; R. HIPP., r i g h t  hippocampus; R. ME. R .  F., r i g h t  

midbra in r e t i c u l a r  format ion;  EKG, e lectrocardiogram. (From Adey, 

Kado, and Wa 1 t e r ,  1965). 

E f f e c t s  of  s p i n  and c e n t r i f u g e  on EEG a r e  c l e a r l y  ev ident  

Models o f  au tospec t ra l  contours i n  normal monkey be fore  and dur ing  

shaking a t  decreasing frequencies from 17 t o  5 cyc les per second. 

EEG spectrum i s  depicted on ord inates,  v i b r a t i o n  spectrum on abscissae, 

and s p e c t r a l  power on Z-axis ( i n  m i c r o v o l t s  squared per  c y c l e  per 

second) f o r  v i s u a l  c o r t e x  (A), amygdala (E), nucleus centrum medianum 

(C),  midbra in r e t i c u l a r  format ion (D), and head accelerometer ( E ) .  

(From Adey, Kado and Walter, 1965). 

P l o t s  of coherence ( 1  inear p r e d i c t a b i  1 i t y )  between centrum medianum 

and v i s u a l  c o r t e x  (A), v e r t i c a l  head accelerometer (E ) ,  and t a b l e  

accelerometer (C) d u r i n g  v i b r a t i o n .  S i m i l a r  p l o t s  a re  shown between 

v i s u a l  c o r t e x  and midbra in r e t i c u l a r  format ion (D), head accelero-  

meter (E)  and t a b l e  accelerometer (F). Ordinates show EEG spectrum, 

abscissae the v i b r a t i o n  spectrum and Z-axis the l e v e l  o f  coherence. 

With 12 degrees of freedom, coherence l e v e l s  were s i g n i f i c a n t  above 

0.516. 

shown i n  s o l i d  black,  and a t  p o i n t s  away from the shaking frequency 

i n  s t i p p l e ,  (From Adey, Kado and Walter, 1965). 

S i g n i f i c a n t  coherence l e v e l s  a t  the shaking frequency a r e  
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Fig .  11. P l o t s  o f  cohereiice as i n  Fig. 10 between the tab le  accelerometer and 

v i s u a l  c o r t e x  (A), amygdala ( e ) ,  centrum medianum ( C ) ,  m idbra in  

r e t i c u l a r  format ion (D), and hippocampus (E), a f t e r  b i l a t e r a l  8th 

nerve sec t ion .  With 24 degrees o f  freedom, coherence l e v e l s  were 

Walter, 1965). s i g n i f i c a n t  above 0.326. (From Adey, Kado and 

F ig .  12. Obl ique view of b i o s a t e l l i t e  mockup, showing d sposi  t i o n  o f  animal 

on r e s t r a i n i n g  couch, w i t h  behav io ra l  programmer be fore  h i m .  

F ig .  13. F r o n t a l  v iew of b i o s a t e l l i t e  mockup, showing r e i a r i o n s h l p  i i f  anima! 

to  feeder and water dispenser. 









. 



. 



. 



1- 1- 1- 7 -  

m 
0 0 0 0 0 0  p n  p n  

a 



* 

r 

5 
v) 

0 





. 

18 

16 

PLOTS O F  COHERENCES (LINEAR PREDICTABILITY) 
DURING VIBRATION - AFTER 8'h N. SECTION 
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S I G N I F I C A N T  COHERENCE AWAY 
FROM S H A K I N G  FREQUENCY 

E E G  S P E C T R U M  
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PLOTS O F  COHERENCES (L INEAR PREDICTABIL ITY)  

DURING VIBRATION - N O R M A L  MONKEY 
S I G N I F I C A N T  L E V E L  AT  0 .516  
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E E G  S P E C 1  R U M  

SIGNIFICANT COHERENCE AT SHAKING FREQUENCY 

SIGNIFICANT COHERENCE AWAY F R O M  SHAKING FREQUENCY 



, 
L 




